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Name and maiTmg address of me international 
preCm&fMuy examintng authority: 
— ' European Patent Offlca 

D-80Z99 Munich 
Tel. +4» 89 2399 - 0 Tx: 623656 epmud 

Fax: +49 89 2399 '4465 



Aiithonzed officer / Examiner 

V'-.' 1 - '.jj.-v/' 
Laurer, M=' 



RmnaUtJes officer 0nct extension of ti 
Heimanh, C 

Telephone No. 4^ 89 2399 2391 




Form PCT/1F6A/4O0 (cover $neet) (January 1984) 



\ 



21.MA8.2002 13:47 -H^^ON GOOOARO fOO NO. 360 . P. 29 



WRITTEN OPINION fntemationai appfication No. PCT/GBOQ/0361 5 

I Basis of the opinion 

1. With regard to the elements of the Intematfonal appHciatjon (Repfacement sheets which have been furnished to 
the receiving Office in response to an invitation under ArUc/e Hare referred ^ in this opinion as 'originaily fi/ed^ 

Description, pages: 

1-10 as Originally Hied 

Claims, No.: 

VI 7 as originaily filed 
Drawings, Na: 

ihJ-nhr as onginaily filed 



2. With regard to the language, all the elements marked ^ove were available or furnished to this Authority In the 
language in which the intemationat appfication was filed, unless otherwise indicated under this item. 

These elements were available or hjmished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of pobrK^ation of the international application (under Rule 4d.3(b)). 

□ the language of a translation furnished for the purposes of intemationaj preliminary examination (under Rule 
SS.2and/6r55.3). * - - ^l ' ^ 

'V <: ^^M<^::f '.. ■ : 

.3. With regard to any nucleotide and/or. arhin^^^ seq^iende disclosed in the International application, the 
international preliminary ©xatfninifori w^ bi^ffe Of jhe S)^ listing: 




□ contained in the intematiorial appfcatioh.in Wrtttfeh fomi! • 

□ filed together with the interriitional ^plication in combuterTeadable form. 

□ furnished subsequently to this Authority; In wrtttehihSnfi.^:' : 

□ furnished subsequently^ to^^|^/^Mi^^ fcrm. 

□ The statement that the sib^|i||t!^^^^^ not go beyond the disclosure in 
the international appllcatidn^ -\ 

□ The statement that the riifoiTna^ rwprdW;|ri^&^^ form is identical to the written sequence 
fisting has been funifehfei^lj^; ^ ^J^^^^-^^^^W^ ' j';:' 

4. The amendments have resulted ih the canceOatlQri of: 

□ the description, pa9^^[ .. 

□ the claims. Nos.: 
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□ the drawings. 



sheets: 



5. □ This report has been estabSshed as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c]): 

(Any replacement sheet cohtgining such amendments must be referred to under Item 1 ami annexed to this 
report.) 

6. Additional obseivations, if necessary: 
IV. Lack of unity of Invention 

1. In response to the invitation (Form PCT/IPEA/405) to restrict or pay additional fees» the applicant has; 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional tees. 

2. B This Authority found that the requirement of unity of Invemion is not complied wi^ for the following reasons 

and chose, according to Rule 68.1, not to invite the applicant to restrict or pay adcStional fees: 
see separate ^leet 

3. Consequently, the following parts of the International appllcatfon were the subject of International preliminary 
• examination In establishing this opinion; 

an parts. 

□ the parts relating to claims Nos. , 




VIL Certain defects in the internatonai application . . 

The following defects in the fomj or contents of ^e intemeSonal application have been noted; 
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see separate sheet 



Vin. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
daims are fuliy supported by the description, are made: 
see separate Sheet 
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The diverse contnlDUtlons of the cun^ent invention: 

The special technical feature distinguishing independent claim 1 from the closest 
prior art of D1, figure 5, is constituted by the "soil engaging fins". The technical 
problem solved is: To enhance the steering performance of the plough through 
superposing altemath/e steering principles; 

The distinguishing technical feature of independent claim 1 1 in relation to the 
closest prior art D8 figure 2, te the "guiding means at the bridle limb retention 
points in combination with the movable bridle lirnb attachment points'. The 
technical problem solved is: Changing the distribution of the load transfer from the 
bridle limbs into the plough, this change has no influence on the prior art steering 
perfdnnance; 

There is no distinguishing techriical feature of independent claim 16 in relation to 
the closest prior art D1 figure 5. Relative to claim 1 1 this daim Is concemed In the 
concept of fixed length bridle limbs with a mechanical compensation linltage for 
insuring complementary displacement of the bridle ifmb attachment points; 

In the concept of variable length bridle limbs the sBfeiai'tlchnical feature 
distinguishing independent claim 17 from the closest prior art D8 figure 2, is the 
"mechanical Ilnk(age) between the bridle llrhb^^ fhe tecHnlcal problem solved is: 
Achieving a simple configuration pennitting the. relative lehgth.of the bridle limbs to 
adapt actively and/or passively to changes in the towing direction; 



Re Item IV 
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The distinct groups of invention are: 

1. Improving the steering perfonnanGe of the plough by superimposing 
alternative steering principles, for claim 1 and 



2. Improving the transfer of the towing load through the bridle limbs Into the 
plough, for claim 1 1 and 

3, Improving the bridle steering system enabling that the bridle compensates 
changes in the relative towing position, for claims 16 and 17; 

As demonstrated in the preceding paragraphs these three groups are not so 
linked as to fomn a single general Inventive concept (Rule 13,1 PCT). 



Re Item V 

1 In the tenns of current independent claim 1 document D1 , figure 8, which is 
considered to be the closest prior art, di&closes: 

a plough comprising a plough share (10) and a tow rope attachment mechanism 
having a low rope retention point (50), the tow rope attachment mechanism being 
adapted to enable adjustment of the position of the tow rope retention point (50) 
relative to the plough, thereby altering the position at which the line of a tow rope 
retained by the tow rope retention point crosses the longftudinal axis of the 
plough, so that the plough can operate at a lange of offeet tow positioris. 

1 . 1 The distinguishing feature of the current Invention compared to D1 is 
'the steerable soil engaging fins", 

1.2 The technical effect derived tf^ Improved tracking stability and 
the possibility to steerttie?ijioU^ froril the alternative steering 
concept (» Indudng^a|ir5iy ^P^) bylinducing a side force 



1.3 Each steering concept has different advantages when steering the plough. 
Combination of these two steeririg concepts constitutes a juxtaposition, because 
each concept Is acting independently, giving rise to Its own technfcal perfonmance 
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without having any combinational effect, with reference to the TCT-Guidelines" . 
Section IV, Chapter IV-d.3a. This formulation is consisfend with the disclosure of a 
mechanical blocking means in independent claim 2, serving to block one steering 
mechanism (steering through the tow rope by moving the tow rope retention point) 
in order to steer the plough by the other steering concept (steerable ground 
engaging fins). 



1 .4 Document D2 figure 4 shows fins (34) for stabilizing the track of the plough and 
members (33, 30, 31 , 34) for stabilizing and steering the plough (21) by swivelling 
the skids (30, 31) and respectively the fins (34) around a vertical axis. This 
steering concept generates side forces from the surface and applies them to the 
plough, in order to counter the varying towing loads resulting from changes in the 
relative towing position. 

1 .5 Both steering concepts are disclosed in- the prior art and constitute a juxtaposition, . 
Thus, the subject-matter of current independent clairn 1 does not involve an 
inventive step required by Article 33(3) POT. 

The additional feature of dependant claim 2 "releasable mechanical locking 
means" for blocldng the tow rope attachment mechanism is described in D3, 
column. 2, line 53-55 and is therefore not considered to contribute to an inventive 
step. A person skilled in the art would select this routine constructional change, to 
improve the contfoilability of the plough by|dQcmasing the degree of freedom for 
the steering systems. 

The additional features of.depehdaiit'^^ in 01 figure 8 and are 

in the scope what a man skilied inlH^f&rt j^^^ ihtrckJuce in the Invention without 
involving an inventive step. ::i = 

claims ^ ij,, ; jfe.:.-v I ' : ' 

3: tow rope (20) attJchmeHj r^^ a bridle having two bridle limbs 

(52, 64) for splittirtg load and transfening it into the plough; 

4: adjustment oif th^ ,tb^ rppe; iretentlan point (50), by movement of the bridle 
rope retention points (70, 71) for steering the plough through the towing 
rope; 



2 



3 
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5: pivotable pair of arms (99) providing respective bridle rope attachment points 
(70, 71) at the outboard ends for moving the towing rope retention point; 

6: pivotable arms (99) extending substantially laterally with respect to the 
plough for moving the bridle limb retention points; 

3.1 The additional feature of claim 7 (pivotable amis extending substantially 
longitudinally with respect to the plough) is not known from the prior art cited in the 
search report, but appears to constitute no more than a routine design measure 
unsuited to -contributing an inventive step. 

3.2 The additional feature of dependent claim 8 (a tow rope attachment mechanism 
adapted to move from towing to lifting position) for lifting the plough is described in 
D1, column 6, lines 15 to 45, as a feature of D1, figure 8 and fails therefore to 
contribute to an inventive step. ' 

3.3 The additional feature of dependent claim 9 in relation to the prior art D8, figure 2, 
is the "steerable soil engaging fins". As mentioned under paragraphs 1 to 1 .5 a 
person skilled in the art would integrate the steerable soil engaging fins to the 
prior art D8, figure 2, forming a juxtapostion for an alternative steering concept, 
without involving an inyentive step. 

3.4 The additional feature of dependent claim 10 (bridle linrib retention points as 
guides in combirtation with movable bridle lirrib attachnient points) for improving 
the load transfer into the plough,- is not known frorh the prior art, cited in the 
search report, but appears to constitute rio more th4n a routine design measure 
unsuited to contributihg an irivehtive^;!^^ piraQI-dph 4 and 4.1). 

4 In the terms of cun'ent indeplncJeht clairiri' 1 1, 08 figure 2, which is considered to 
represent the ciosestprioP M^disciol^ 

a plough (a) cortipriiltng f'^loUgn sBi|^^ arid a tow rope attachment mechanism 
(k, I, m) having a palrpf bHql|2li|nbj^r§te points (h, i), the tow rope attachment 
mechanism being adapted to ehable adjustment of the relative length of a pair of 
bridle limits retained by the bridle limb retention points (h, i), thereby altering the 
position at whtoh the line (p) of a tow rope connected to the bridle limbs crosses 
the longitudinal axis of the pjjDugh, so that the plough can operate at a range of 
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offset tow positions. 

4. 1 The distinguishing features of cun-ent independent claim 1 1 in relation to the 
closest prior art, are the bridle limb retention points in fomi of guides through 
which the bridle limbs pass, in combinaition to the movable bridle limb attachment 
points. The technical effect in relation to the prior art is the different load transfer 
of the towing loads from the bridle limbs into the plough by inducing a reduced 
torque into the arms (e). 

These features of cumsnt claim 1 1 are not l^own from the prior art cited in the 
search report, but appear to relate to no more than a variety of routine design 
features as such they appear unsuited to contribute to an inventive step according 
Article 33(3) PCT. For instance starting from D8 the location of the turnbuckles (I. 
m) opposite the bridle limb retention points (h, i) and the associated provision of 
pulleys at said points (I, m) is within the range of routine design measures for a 
skilled person to reduce the torque induced into the arms (e) by the bridle limbs. 

5 The additional features of dependent cteims 12 and 13 ("fins (34) carried on skids 
(31)" and "skids (31) carried on a steering member") in relation to independent 
claim 1 are shown in D2, figure 3; a person skilled in the art would choose this 
installatjqn . in order to limit the penetration depth of the fins without involving an 
inventive step; 

The additional feature of claim 14 and the "independently height adjustable" sWds 
of claim 15* are described in D3, column 2, lines 22-30, for the purpose of 
separately adjusting the penetration depth of the plough into the soil and therefore 
are not considered to contribute to an irwentive step. 

6 In the temis of current independent claim 16, D1 figure 5, discloses: 

a plough (10) comprising a plough share and a tow rope attachment mechanism 
(72, 88) having a pair of bridle limb attachment points (70. 71), the tow rope 
attachment mechanlsni being adapted to enable movement of the bridle limb 
attachment points relative to the plough, thereby altering the position at which the 
line of a tow rope connected to the bridle limbs crosses the longitudinal axis of the 
plough, so that the plough can operate at a range of offset tow positions, and 
further comprising a mechanical linkage between the bridle limb attachment points 
(80, 84) such that movement of one bridle limb attachment point in one sense is 
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accompanied by movement of the other in the other sense. 

Thus, subject-matter of current claim 16 lacks the novelty required by Article 33(2) 

PCT. 

7 in the terms of current independent claim 17, 08, figure 2, which is considered to 
represent the closest prior art, discloses: 

a plough (a) comprising a plough share (b) and.a tow rope attachment mechanism 
having a pair of bridle limbs (I, m), the tbw rope attachment mechanism being 
adapted to enable adjustment of the refative length of the bridle limbs (1, m), 
thereby altering the position at which the line of the tow rope connected to the 
bridle limbs crosses the longitudinal axis of the plough, so that the plough can 
operate at a range of offset tow positions. 

7.1 The distinguishing features of current independent claim 17 in relation to the 
closest prior art» is the mechanical linkage between the bridle limbs such that 
lengthening of one bridle limb is accompanied by shortening of the other. The 
technical effect in relation to the prior art is the compensation of the towing toad 
inside of the bridle system. 

7.2 The technical problem to be solved can be formulated as 
reducing the actuation forces for steering the plough. 

7.3 Document D3, column 2; lines 36 to 52, teaches that a linkage between the bridle 
limbs mrnlmlses the forces required to steer the plough. For a person skilled in the 
art starting from D8 figure 2 wishing to minimise the required steering forces for 
the plough, it would be an obvious possibility to integrate the mechanfcal linkage 
of D3, figure 2 into the apparatus shown in D8 figure 2. 

In this way a skilled person would arrive at the subject-matter of independent 
claim 17 without Involving an Inventive step required by Article 33(3) PCT. 

Re Item VII 

1 The features of the claim/s are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 
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2 Independent claims 1,11,16 and 17 are not cast in two-part form as required by 
Rule. 6.3(b) POT. Any amended independent claim should be drafted in the two- 
part fonn, which in the present case would be appropriate, with those features 
known in combination from the relevant prior art (D1 respectively D8) being placed 
in the preamble (Rule 6.3(b)(i) PCT) and with the remaining features being 
included in the characterising part (Rule 6.3(b)(ii) POT). 

ReltenfiVIII 

Because claim 12 and its dependent ciainDS 13 to 15 refer to each preceding 
daim, a contradiction in the reference to Independent claim 1 1 occurs with the 
''soil engaging fins", which are not mentioned in claim 11. Thus, dependant claims 
1 2, 13, 14 and 1 5 are not clear in relation to Independent claim 1 1 required by 
Article 6 PCT. 
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, PLOUGHS 



BACKGROUND TO THE INVEMTION 

This invention relates to ploughs, particularly those for burial of cables and pipeUnes 
5 . inttebedof the sea or other water. 

Ploughs ate well-known for use in protecting cable and pipelines imderwaier. The 
cables or pipelines are buried to protect them from damage by, for example, 5shing 
equipment or anchors. Typically these ploughs are towed via a towrppc by a vessel 
10 on the sur^ce of die water, but may be lowed by an underwater tractor. Such ploughs 
are fitted with a soil-engaging share that is shaped to dig into the seabed under the 
action of the lowiog force and produce a nench into which the cable or pipe is 
placed. The ploughs usually lay the cable or pipeline m the trench. The invention 
applies to all types of plough. 

15 

Hitherto, such ploughs have often been j5tted with a steering system that operates by 
exening transverse f^ces on the tow wire and thus generating couples on the pioiigh 
that alter the direcdon of travel of the plough. Some of these ploughs are iSxted vdth a 
bridle and ctank inechanism to minimise the forces required to steer the plough. Such 
20 ploughs are described in patexit EP 0185422. In some applications this mechanism 
can be lifted into an lipri^ j^sition to move the two wire attachment points to a 
posidon above the plough $d that die saxhe wire can lift the plough in a level attitude. 

This method of steering a pk)iigH;has the di^v^ that the direction of travel of 
25 the plough is affected by changes. iii meStdiV^iro together with any side 

forces, for example firmi side sibjpes tiisct the may.be traversing. The plough 

or a part of it is efifecdvely dra^d sideV^S'ic^lis^ 

Plou^ that steer by means of steerable-fins attached to skids that simport die front 
30 of the plough are also known. Such a plough is shown in EP 0010915. This design 
overcomes the disadvantage of die first design m that the plough can be steered 
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20 



^ relative to tbc seabed without beiog dragged across the seabed. The mechanism 
works Id the same way as the steering m a car. To minimise the steering forces 
required from the $teerable fins on the sidds, the tow rope is connected near to the 
back of die plough, or to a tOMong mechanism Wfh a single tow 'point slidably 
mounted on a curved arm extending laterally from the main plough beam, to give the 
effect of towing from near the back - see EP 0010915. 

This method of steering has the disadvantage that without such a force minimisation 
lowing mechanism the steering angles relative to the tow rope are limited. Also the 
force minimisation towing mechanism described would be di^cizlt to adapt for 
larger angles of steering because of the requirement for a mechanism of greater size. 



A further feature of these ploughs is the need for tiie towing mechanism to pass over 
the top of the plough and. therefore also^ where applicable, the cable or pipdine 
IS .passage through the plou^ This prevents or limits one*s ability to mount other 
equipment, particulariy if fce tow points must be transfened to a Hfdng po^ 



SUMMARY OF THE INVEhmON • 

Accordmg to a first aspect of the present invention, there is provided a plough 
comprising a plough share^ djpe or more steerable soil-engaging fins and a tow tope 



aitadnnent mechanism, hay^ a tow rgpc;rctcation point, the tow rope attachment 
mechanism bemgA4d|p^^ of the tow rope 




25 the plough, so that thelplbii 

rope attacfament mechi|m^^ locldng means for 

prevendng the 

Preferably, the tow rope anarhroait mechzmLmi^^^^^ a bridle having two bridle 
30 Ihnbs terminating at one end at the . tpW h^pe reteixtion point and at the other at 
respective bridle limb retemion points. The tow rope attachment mechanism inay be 
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adapted to wbl the said adjiistxnent of the positi n of the tow rope retention point 
relative to the plough by movement f the bridle rope reteotioQ points. For example, 
the tow rope attachment mechanism may inchide a pair of anns, each pivotable 
relative to the plough about a substantially vertical axis at its inboard end and 
5 providing a respective bridle rope attachment point at its oatboard end. The pivotable 
anns may extend substantially laterally with respect to the plough or substantially 
longitudinally with respect to the plough. 

Preferably, the tow rope attachment mechanism is adapted to enable movemem of the 
10 bridle limb retention points relative to the plough from respective towing positions to 
respective lifting positions at which the bridle can be used to lift the plough m a 
stibstantially level attitude. 

As an altemadve to' the above^ the tow rope attachment mechanism may be adapted 
IS to enable the said adjustihent of die position of tiie tow rope retention pomt relative 
to the plough by adjusmicnt of the relative length of the btidle limbs. For example, * 
the bridle limb retention points may comprise guides through which the bridle limbs 
pass and the plough may further comprise a pair of movable bridle limb attachment 
points to which the bridle limbs are attached According to a second a^Tect of the 
20 present invention, there b provided a plough comprising a plou^ share and a tow 
rope attachment mechanism having a pair of bridle limb retention points, the tow 
rope attachment mechanism being adapted to ai^le adjusttiient of the relative length 
of a pair of bridle limbs retained by die bridle tiinb fttentioh points, thereby altering 
the position at wfaidi the line of a tow rppe cotstecta} limbs crosses the 

25 longitudinal axis of the plougji, so that .&e pIou^jcMp^e^ at a nmge of of&et tow 
positions, in vAdcb the bridle limb retentidii pSiiits Icdmprise guides through which 
die bridle limbs pass, and further cominrisiiig a pair of movable bridle limb 
attachment points to which tiie bridle limbs are.ahadied. 

30 Preferably, the steerable soil-engaging fins are caixied by one or more supporting 
skids. The si^Tpoxting sidds are themselves preferably carried by a steering member 
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,pivotable relative to the plough about a substantially vertical axis. Means may be 
provided f r adjusting ploughing depth by altering the vertical distance between the 
skids and the steering member. 

S Where there are two or more skids^ the vertical distance between one such skid and 
the steering member may be alterable independently of die vertical distance between 
another such skid and the steering member. 

A third aspect of the present invexaion provides a plough comprising a plough share 
1 b and a tow rope attachment mechanism having a pair of bridle limb attachmeni points> 
the tow rope attachment mechanism being adapted to enable movement of the bridle 
limb attachment points relative to the plough, thereby altering the position at which 
the lioe of a tow rope connected to the bridle limbs crosses the longitudinal axis of 
' the plough, so that the plough can operate at a range of of&et tow positions, and 
15 further comprising a mechanical linkage between the bridle limb attachment points 
such that movement of one bridle linib attachment point in one sense is acconqpanied 
by movement of the olfaer in the other sense. 

A fourth and related aspect of the inyention provides a plough conq>riszng a plough 
20 share and a tow rope attacfamem mechanism having a pair of bridle limbs, the tow 
rope artachment mechanism being adqited to enable adjustment of the relative length 
of the bridle lunbs, thereby altering the position at' which the line of a tow rope 
connected to the bridle limbs crosses the longitudinal axis of the plough, so that the 
plough can operate at a range of ofiiset tow positions, and further comprising a 
25 mechanical linkage between tbe bddle limbs such that lengthoiing of one bridle limb 
is accompanied by shortening of the. 0^ .;|| 

BRIEF DESCRIPTION OF THE DRAWINGS ' 

The present invention will now be described by way of exaniple with reference to the 
30 accompanying drawings, in which: 

4 
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Figure 1 shows ia elevation a typical plough in operating po^ti n in the ' 

seabed; 

Figure 2 shows a plan view of the plough of figure 1 ; 

Figure 3 shows a plan view of the plough of figures I and 2 with the sldds 
5 angled to steer the plough to the left; 

Figure 4 shows a plan view of the plough of figures 1 and 2 with the towing 
mechanism moved to accommodate an ofiEset tow position; 

Figure 5 ^om^ an elevation of the plough of figures 1 and 2 with the low 
rope in iiiUng position; 
1 0 Figures 6 and 7 show plan views of plou^ fitted with alternative methods of 

steering the skids; 

Figures 8 and 9 show plan views of a plough fitted with an alternative method 
of adjusting the towing bridle in» respectively, an extended tow position and on of&et 
tow position; 

15 Figures 10 and 1 1 show elevadons of the .plough of figures 8 and 9 from the 

fiont of the plough with the towing bridle in an upright position; and 

Figures 12-15 show plan views of alternative chassis and bridle azrangements 
(stceiable skids and other details omitted for claiiry in the case of figures 12 and 13). 
Figures 16 and 17 show two passive bridle adjustment mechanisms- 

20 

DETAILED DESCRIPTION 

Refening to the figures 1 to 5> a seabed cable plough is made up of an elongate 
chassis I, a share 3 at the rear of plough ID , and support skids (2 and 4) two each at 
the firont and rear re^ectivdy; The fiont skids 2 support the plough on the seabed 6 

25 and are adjustable by hydraulic rams 42 in figures 3 and 5) to set the txencfaing depth 
of the plough. The ^lare 3 penetrates the seabed as the plough is towed by a ship (not 
^lown) via a iowiope, 5.;;^le 7 to be butied exxtexs the fiont of the plough ax 
bellmoutfa 12 and exits imdergibund at the back of the plough 8, Rear spaced skids 4 
. si^port the back of the plough when p|pratiiBg in very soft seabed soils. The plough 

30 may be fitted wth a control ind monitoring system and a hydraulic power pack, 
typically located on top of the plough at 45, allowing the operators on the ship to 
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operate it efifectively by controlling the position of the hydraulic rams. Alternative 
adjustment mechanisms to rams can be although rams are particularly suitable 
when the plough is used in the submarine enviromjient 

5 Assemblies 28 at each side of the chassis 1 are rotatable by hydraulic rams 29about a 
horizontal axis ai pivot 30 and support tow adjustment mechanism 14 comprising^ in 
this embodiment, hydraulic rams 27 sidewardiy, extending pivotable anns 25 to 
which tow bridle 9 is attached. 

10 ' In one aspect the invention uses these two mechanisms 13, 14 to control its 
orientation and/or tootion on the seabed. The first 13 incorpocates front skids 2, 
whidi are fined with soil penetrating fins 2U eitber the skids and/or the fins being 
xotatable with respect to the plough body. Steering mechanism 13 in figures 1 and 2 
is formed by bydraulic rams 22 and skids 2 which can steer the plough even when the 

15 plough is in an offset position. The second 14 incorporates an adjustable bridle 
mechanism or an adjustable towing mechanism for connecting to a bridle which in 
turn coimects to a tow member such as a tow wire. The adjustable mechanism can be 
arranged in one embodiment to generate a steering couple on the plough with respect 
to the tow wire. In another embodiment, the adjustable mechanism is arranged to 

20 reduce steering moments imposed on the plough from the tow cable, for example, to 
allow ofi^ towing. The two acgusting azrangements 13 and 14 in combination can 
reduce the effect changes in die tow wir^ duection have on the plough whilst at the 
same time allowing ploughing, arid ind^ s^^^ring while ploughing, at larger offset 
angles., 

25 

Spaced skids 2 each cany a ground oig^guig fin 21 which generate side forces to 
Steer the plough when Uiese m ^ an angle witfl x^spfxt io.tbe chassis 1 as shown in 
. figures 3, 6 and 7, More than one fin may be pro\dded on each skid. Typica&y the 
fins extend the length of the skids; The skids are rotated with respect to the chassis by 
30 the action of hydraulic cylinders 22 in fig 3, 23 in fig 6 and 24 in fig 7. The fins may 
be rotaxable with lesptct to the chassis 1. as Well or instead of the skids. 

6 
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.1 

Figures 3, 6 and 7 show altemaxive ways of a^usnng th angle of the skids to steer 
the plough. In figure 3, the two skids 2 wHh the depth acQusting linkage 42 are 
mouoied on transverse mounting beam 41 which is itself pivcnally mounled on 
5 chassis 1 at pivot 40. The adjusting linkage 42 controls the height of the plough with 
respect to the skids as shown in figure 5. The skids are rotated m a substantialiy 
horizontal plane with respect to the plough by the action of rams 22 extending 
between pivoting mounting beam 41 and a second mounting beam fixed to chassis 1 . 
Cylinders 22 angle the beam 41 and hexu:e the skids. 

10 

In figure 6 the beam 41 in figure 3 is split to form two mounting beams 44A, 44B 
pivotally mounted to the plough at 35. Cylinders 23 rotate each beam izulependently 
10 steer the plough about pivots 35. Two positio&s of skids 2 are shown at 31 and 32^ 

15 hi figure 7 the hydraulic rams or cylijiders 24 rotate only the skids -2 relative to a skid 
mount 37 fi:om a position 33 to a position. 34 around a pivot hi the region of 36. 
These pivots may be in the form of sIots» sliders or other means of achieving rotation. 
Rotation of fins relative to the skids is also possible although this is less preferable 
because of the exposure to damage of such a mechanism as well as the adverse forces 

20 on die fins fmm the ground. 

In figures 1 to 4 the tow rope 5 is connected to tow bridle 9 and this is connected to 
arms 25 at artachmeiot points 25A. These arms 25 can rotate about pivots 26 about a 
generally vertical axis with respect to the plough under the action of hydraulic rams 

25 or .cylinders 27. In figure 4 the aims 25 have been imved to accommodate die ofi&et 
tow position of towrojpe 5. If the atms are notnioyed the bridle 9 would generate a 
steering moQ^t on die plot^ because of the octra tension m 
The hydraulic rams move the attachment pomts 25A so^that the centre of rotation of 
tbue Hndle lies more or less above the centre of resistance, of the plough ie above the 

30 landsides of die plough ^lare 3. In this way steering moments generated by the taidle 
are reduced Steering can then take place by angliog the skids 2 with fisos 21 to allow 
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^the plough to follow die desired cox&se on the seabed, or to allow for oibex side • 
forces^ for example from crossing a side* slope. The anus can be aioved to other 
positions to'suit other of&et tow positions on either side of the plough centreline. Of 
course the rams 27 can be used to generute a steering moment on the plough if 
5 required^ for example when crossing a side slope, pardcularly when ojB^set ploughing 
across a side slope. 

As can be seen from figures 1, 2 and 5 the towrope adjusting mechanism 14 formed 
by anns 25 and cylinder 27 is mounted on assemblies 28 that are motmted pjivocally 

10 on plough chassis 1. Assembly 2S can be rotated under the control of hydraulic 
cylinders 29. For normal operation the assembly 28 is positioned as shown in figures 
1 and 2f and the plough is pulled along by the towrope 5. For lifting and lowering the 
plough to and frotn the seabed the hydraulic cylinders 29 can be operaied to rotate 
assembly 28 about pivot 30 to the position shown in figure 5, so dial the tow wire can 

15 be used to lift the plough, in an approxhnately horizontal position. 

A benefit of having two pivoted structures 28 for lifting the towrope is that the 
hydraulic and instnimentation package 45 can be located above the central cable 
route, thus lifojo^ it higher on the machine. This helps to keep the firamework and its 
20 ccmtents out of the soil in vety soft seabed conditions. 

Figures 8 and 9 show bridle 9 connected via temiinating chams 50 to hydraulic rams 
27A In this case rams 27A are substantially parallel to the longitudinal axis of the 
plou^ and these aa to lengdien or shorten the anns of the bridle. The chains pass 
25 through guides SO, which are opiionaUy fixed tt> assembly 28. When guides 50 are 
fixed the efTecdve attachmeiii. points plO!^ ^ located at guides 

50 and do not change lii posiaoaQ;| k i^^^9i!c3xsin 9A has pulled tbtough guide 
50 to shorten the left hand bri^eann ; ^tis eJlo^^fihg id^ of&et towing to the right 

30 Figures 10 and 11 show fix)nt views of the plough in figures 8 and 9 in which 
assembly 28 has been rotated through pivot 30 to allow the plough to be raised or 

8 
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; lowered or maDoeuvred on the seafl or, over obstacles for example. In figure 1 1 both 
anns of die bridle have been shortened since chains 9A have been retraoed through, 
in this case, fixed guides SO. 

5 Figure 12 shows xh plan view a Y shaped plough beam with forwazdly fixed anns 25 
to which guides SO aie mounted Bridle anns 9 pass through guides SO and are 
lengthened or shortened under control of h^ydraulic rams 27B. Figure 13 shows in 
plan view forwanDy extending pivoting arms mounted to chassis 1 and rotated under 
control of hydraulic rams 27C. This ariangemem is less efficient in lengthening and 
.10 shoneniog the bridle amis. 

Figures 14 and 15 show bridle 9 connected via tenninating chains 50 to hydraulic 
rams 27A. h the case of figure 14, rams 27A ixt fiee to pivot relative to the plough 
and so ef&ctively forai part of the hndlc urns; ^tx figure 15, reams t7A are 
15 substandally parallel to the longitudi^ axis of the plough. In these cases, the chains 
do not pass through guides and in the case of figure IS, this can lead lo substantial 
and imdesirable bending moments on the hydraulic tarns. These arrangements are 
considered to be less favourable than the anang^enls shown in figures S and 9. 

20 Figures 16 and 17 show two pasrive.lmeUe: ad^ mechanisms, Le. mechanisms 

in which the adjustment of the geometry of the, bridle is caused by chaziges in the 
directton of tow, but is not (or n^d not^.be) caused or assisted by active or powered 
mechanisms on the plough, th figure 16, the bridle limbs, or extensions of them in 
the form of chain 62 and cable of r0pe : 63, pass through guides 50 and arotmd 

25 secondary guides or pulleys 61 and are cormected together to form a closed loop. In 
figiire 17, the bridle limbs 9 .temutate on pivoting aims 25 that are restrained and 
coi^led togedier by a rope, cable, ciiain or simxiar 60 that.passes around guides or 
pulleys 61. The figure 17 arrangement has the advantage over the figure 16 
acrangemcnt fbat fiiction at the guides 50 is avoided. If a mechanism diat is not 

30 • entirely passive is desired, the pulleys 6 1 could for example be powered. 
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>Preferably, the imer-linking rope, cable or chain etc. 63 passes along the pivot axis of ' 
for the lifting drawbars. This could be achieved by using tubular pivot pins* 
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CLAIMS 

1 . A ploi^ comprising a plough share, odt or more steerable soil-engaging fuis 
and a tow rope attachment mechanism havpg a tow rope retention point; the tow 
rope attachment mechanism being adapted/o eiaable adjusunem of the position of die 
tow rope retention point relative to the/ JWugh, tfaezeby altering the position at which 
the line of a tow rope retained by the rope retention pomt crosses the longitudinal 
axis of the plough, so that the plough jpiixperate at a range of oSsct tow positions. 



10 2. A plough according to claim 1 in ^^ch the tow rope attachment mechanism 
comprises releasable mechanic/l locking means for preventing the said adjustment 
from taking place. 

3. A plough according to claim 1 or,dmm 2 in which the tow rope attachmem 
mechanism comprises a bridle baving^o bridle limbs terminating at one end at the 
tow rope retention point and at the^ther at respective bridle limb retention points. 



20 



4. A plough according to claim 3 in which the tow rope attachment mec 
is adapted to enable the said adjustment of the position of the tow ronp^tention 
point relative to the plough by movement of the bridle rope retetitimr^ints. 



5. A plough according to claim 4 .in j^ch thc^^ltJe rope attachment mechanism 
includes a pair of aims, each j!|ivomM^^ to the plough about a substantially 
vertical axis at its iiiboardlend anl^RSv^ btidle rope attachment 

25 point at its outboard end. 

6. A plou^^coTdmg' M claim 5 in which the| pivotable arms extend 
substantiaUv^terally with n^sMct to the plough, 

■ ' *■ I 

30 7.y^ A ploHgh according to claim 5 in which the pivotable anns extend- 
^substantially longitudinally with respect to the plough. 
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-8. A plough according to any one of cJaims/5-7 in which the tow rope 
attachment mechanism is adapted to enable movement of the bridle limb retention 
points relative to the plough from respective tovdng positions to respective lifting 
posidons at which the bridle can be used toyiiA the plough in a substantially ieye) 
attitude* 



10 



9. A plough according to anv^ one of claims 3-8 in which the tow rope 
attachment mechanism is adaptecLto eziable the said adjustment of the position of the 
tow rope rstentioD point relati^/to the plough by adjustment of the relative length of 
the bridle limbs. 



15 



10. A plough according to claim 9 in which the bridle limb retention poij 
compiise guides through ^cb the bridle limbs pass and further compri^jig'^pair of 
movable bridle limb attachment points to which the bridle lim'bs ^p^eC^ched. 



U. A plough comprising a plough sif^e anda#<<6w rope attachment mechanism 
having a pair of bridle limb retenii« nftptS; the tow rope attachment mechanism 
being adapted to enable adjtistmenMx thJ relative length of a pair of bridle limbs 
20 retained by the bridle limb r^fdm/£ poi^^ thereby altering the position at which the 
line of a tow rope copM^cted to-MeDridle limbs crosses the longitudinal axis of the 
plough, so thaUheplough can operate at a range of o£&et tow positions, in which the 
bridle liiQtmtention points comprise guides throu^ which the bridle limbs pass, and 
comprising a pair of movable bridle limb attadmient points to which the 
25 ^^mdle limbs are attached. 




12. A plough according to any 



engaging fins are carried by one or more 



30 13. A plough according to claim 1 2 
steering member pivotable relative to 





claim in which the steerable soil* 
trting skids. 

ch the suppornng skids are carried by a 
rough about a substantially vertical axis. 
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14. A plough accordisg -to claim 13 fiirther comprising means for adjustir 
ploughing depth by altering the vertical distance between the sldds and the i 
member. 



10 



15 



20 



25 



15. A plough according to claim 14 in which there are two or more^ds and the 
vertical distance between one such skid and the steering member can be altered 
independent of the vertical distance between anodier such §iad and the steering 
member. 



16. A plough comprising a plough share 
having a pair of bridle limb attachment poi 
being adapted to enable movement of the 
plough, thereby altering the position 



rope attachment mechanism 
)e tow rope attachment mechanism 
limb attachment points relative to the 
the line of a tow rope connected to the 



bridle limbs crosses the longitudin4 axib of the plough* so that the plough can 
operate at a range of ofifeet toyf positions, and further comprising a mechamcal 
linkage between the bridle linro attachment points such that movement of one bridle 
Umb atTar.hmait point in 9^ sense is accompanied by movement of the other in the 
other sense. 

17. A plou^^;omprising a plough share and a tow rope attachment mechanism 
having a pair bridle limbs, die tow rope attachment mechanism being adapted to 
enable adjjfitment of the reladve. lengtfi of the bridle limbs, thezeby altering the 
positio»<^at which the line of a tow rope connected to, die bridle limbs crosses the 
long^mdinal axis of the plough, so that the plough can operate at a range of ofiset tow 
utionSy and further comprising a mechanical linkage between the bridle limbs such 
: length^iing of one bridle limb is accompanied by ^rtening of the other. 
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